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Abstract 

A l i s t  of newly neasured atomic t r a n s i t i o n  p r o b a b i l i t i e s  i s  r;iven 

for v i s i b l e  l i n e s  of carbon, sulphur, phosphorous and s i l i c o n ,  k., 
C I ,  S I ,  S I I ,  P I ,  P I I ,  S i1  and S i I I .  These r e s u l t s  are comunicateil while 

f i n a l  publ ica t ions  are being prepared, so t h a t  t h e  nmbers  can L e  of  use 

i n  a s t rophys ica l  abundance determinations, e t c .  

i s  a gas-driven shock tube operating between 9000 and 13000° I<. 

The spectroscopic source 

Plnsrza 

conditions are d i r e c t l y  tieternined by ;i v a r i e t y  of nethods,  including 

sone new ones which automatically circumvent tempersture e r ro r s .  

l i s t  of l i n e  s t r eng ths  covers 136 l i n e s ,  84 of  which a r e  unblended i n  t h e  

shock tube spec t ra .  

i n  t h e i r  e n t i r e t y ,  28 of t hese  beinq fully resolved, 

The 

The 46 mul t ip le t s  involved include 39 which a re  observed 

Upper l i r r . i t  e s t i n a t e s  

nre  a t tached  t o  31 add i t iona l  l i n e s ,  1 7  of which a r e  unblended. Accuracies 

as w e l l  as p-ec is ions  a re  tyF ica l ly  20%; t h e  range o f  accuracies is. lo?& t o  

40%. A f e w  nunbers may be changed by small mounts  i n  a f i n a l  review of 

t h e  data; any such modification w i l l  be reported i n  published papers which 

will a l s o  give f u l l  d e t a i l s  o f  procedures, r e s u l t s ,  and c o n p r i s o n s  w i t h  

theory.  
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I n  t r o  duct i on 

The l i n e  s t rengths  l i s t e d  i n  t h i s  repor t  'irere measured photoelectr j  c~lly 

and ohotoqraphically,  pr imari ly  i n  emission, usin? the  hot ear; behind 2- 

re'lected shochrave i n  a shock tube as t h e  spectrosconic  source. This 

technique (and t h e  c lose ly  related one of using the  lower tempereture, 

moving gas behind t h e  primary shockwave) i s  becoming well-known because c; 

i t s  many zdvnntaces over other  t h e m a l  l icht  sources. 

of having t o  time-resolve every experiment i n  order  t o  separate out 

t h e  i n t e r v a l  of i n t e r e s t  (%lo0 nicroseconds ) i s  overcone f z i r l y  reodi ly ,  

s o  that limy d i r e c t  measurements of t h e  s t a t e  of t h e  gas are rncle w i t h  

t i x e  reso lu t ions  of or6er 0.5-5 r icroseconds.  

'2he nain probie:i 

Also ,  the  c l a s s i c n i  d i f f i c u l t y  w i t h  a l l  thernial sources o i  a t o r i c  

lines--&*, Sens i t i v i ty  of l eve l  populations t o  ternperatire errors-can 

now be overcone by nethods of " t h e r r a l  bal'mcinG" whicll w e  have developed 

and used t o  au tona t i ca lk j  compensate for systerflatic e r ro r s .  Questions of 

gas composition and l o c a l  therrlal e q u i l i b r i m  a re  also r ead i ly  s e t t l e d  

when one uses c e r t a i n  groups of s imdtaneous  measurements of s t a t e  var iab les  

es opposed t o  t h e  "bare minimum" of two familiar from c l a s s i c a l  chernodynamics. 

For t hese  and o ther  reasons, then,  we have been pursuiiii; a progrui  of 

l i n e  s t r eng th  measurements with t h e  shock tube ,  for t h e  l i g h t  e lenents  wiiicli 

are also t he  most abundant as t rophysical ly .  We w i l l  later re turn  t o  s tud ies  

of t h e  Foderately and very heavy elenents .  This repor t  covers a port ion o f  

t h e  l i g h t  e lenent  s tud ie s ,  namely most of t h e  v i s i b l e  l i n e s  Tor a t o m  and 

ions of carbon, s i l i c o n ,  phosphorus and ~ u l p h ~ r o  
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The wavelength regions f o r  t h e  various species  are: 

k 

CI - S i 1  & Si11 PI & PI1 SI & SI1 

-range h000- 4600- 4600- 4000- 
Goo0 6300 6100 6800 

(Lgstroms ) 

In  these  regions we have l e f t  out, f o r  each spec ies ,  about 10-15;6 of the  

l i n e s  s t rong enough t o  measure well. This i s  due p a r t l y  t o  in te r fe rence  

from hydrogen and neon l i n e s ;  neon i s  our c a r r i e r  gas f o r  spectroscopic 

add i t ives ,  and hydrogen i s  a common addi t ive  f o r  diagnost ic  purposes. 

Another f a c t o r  i s  blending of comparably s t rong l i n e s  from d i f f e ren t  

mu l t ip l e t s .  

because of uncertain c l a s s i f i ca t ions .  

Also a few cases i n  S i 1  and PI1 have not y e t  been t r e a t e d  

2. Results 

Ikasured t r a n s i t i o n  p robab i l i t i e s  a r e  l i s t e d  f o r  t h e  above species  

i n  Table 1-6, as t h e  Einstein coef f ic ien t  f o r  spontaneous m i s s i o n ,  

i n  inverse seconds X spec i f i ed  powers of 10. 

& i s  the  degeneracy 25 + 1 of t h e  lower l e v e l  ( n )  nnd t he  absorpticn 

o s c i l l a t o r  s t rength.  

~.rell-known as t rophys ica l  compilation, giving a l s o  t h e  terms <and J-values for 

t h e  l e v e l s  involved. 

tables are  self-explanatory and may be he lp fu l  i n  applying tile data t o  

abundance determinations . 

A r.n ' 
\!e a l s o  l i s t  [loglo gf] where 

We use the "multiplet  numbers" of iks. (I'Ioore) S i t t e r l e y ' s  

Wavelengths a r e  i n  kgs t roms ;  t h e  " remrks"  i n  the  



Tolerances s t a t e d  i n  t h e  tab les  a r e  best es t imates  of  t o t a l  e r ro r .  

They represent  the  R b E  combination of uncertainty due t o  s c a t t 2 r  (random 

e r r o r )  with t h e  uncer ta in ty  compounded by est imated poss ib le  systematic 

e r r o r s  i n  measured var iables .  

designated as being "measured absolutely" has t h e  smallest  to le rance .  

For each atom (ion) s tudied ,  t h e  one l i n e  

This i s  because such l i n e s  a r e  the  s t ronges t  i s o l a t e d  ones s tud ied ,  a r e  

t h e  l i n e s  most ca re fu l ly  checked for self-consistency, and a re  usual ly  

neasured t h e  maximum number of t i n e s  f o r  t h a t  atom. The rance ot to le rance  

for t hese  l i n e s  runs fron *lo$ for CI A5052 t o  *2$  for S i  X5?118 . 
For these  l i n e s  t h e  s c a t t e r  i s  responsible for only ~t small f r ac t ion  on 

t h e  t o t a l  to le rance  whether 44 independent determinations as f o r  o r  

onl:r 5 dete-inetions as for PI have been Fade. Zince ~ ~ 1 1  other  lines 

oc p n  e l e r e n t  were measured r e l a t i v e  t o  one of these  l i n e s ,  t h e i r  assigned 

I 

CI 

t o l e rances  are no b e t t e r  than  fo r  t he  relevant  "absolutely rLeasurec?" l i n e .  

In  genera l ,  they warrant l a y e r  to le rances  (15;; - b 5 $ )  becmse of such 

f a c t o r s  2s l o w  signal-to-noise r a t i o ,  c i i f f i cu l t i e s  i n  the i n t e r p r e t c t i o n  

of d i f fuse  o r  p a r t i a l l y  rierged l i n e s ,  uncerta. inty in  r e l a t i v e  f i l n  s e n s i t i v i t y  

between widely spaced wavelengths md, i n  a f e w  cases lack of  a s u f f i c i e n t  

n m b e r  of  determinations t o  permit a s t a t i s t i c a l  s tn t cnen t ,  



Table 1. TRlu'EITION PROBABlLITlES FOH C, 

Trans i t ion  
T-Tultiplet (n. lower) (m, upper) 

4 3s 3P0 - 4p 3, 

5 3s 3; - 4p 3s 

3s 3; - 4p 3P 6 

3 7 3s 3p0 - 5p D 

11 

12 

13 

14 

15 

16 

17 

18 

3s 1; - 4p lP 

33 1P0 - 4p 

3s 1P0 - 41, ls  

3s IP0 - 5p p 
1 

33 - 5p 3D 
3s 'Po - 5p 'D 
3s 1P0 - 5p ls  

2p3 3D0 - 4p 3P 

I 

J -J n m  - 
2-3 
1-2 
0-1 
2-2 
1- 1 

2-1 
1- 1 
0-1 

2-2 
1- 1 
2-1 
1-0 
1-2 
0-1 

2-3? 
1-2 ? 
0 - l ?  

1-1 

1-2 

1-0 

1-1 

1-2 ? 

1-2 

1-0 

3-2 
2-1 
1-0 

Ann 
6 -1 ~ ( i l )  10 sec 

5041.6 } .42 
5039.0 
5039.0 
5049.6 
5044.0 

4826.7 < .31 
4817.3 < .19 
4812.8 < .10 

- 

4771.7 
4766. G 
'1775.8 

4762.4 
4762.4 

4064.2 < .04 
4064.2 

5380.2 1.72 

5052.1 1.74 

4932.0 3.51 

I :Lo65.1 

4371.3 .59 

4352.1 < .17 

4268.9 .26 

4231.3 .70 

5793.5 
5801.1 
5805.7 

} .35 

loglo gf 

-1.595 

<-2.488 

<-2.982 
~2.702 

-1.370 

<-2.828 

-1.650 

-1,473 

-1.093 

-2.295 

<-2.617 

-2.450 

-2.726 

-1.739 

Tolerance ikr -a rks  

20% (3) 

+Listed mul t ip le t s  a r e  e f f ec t ive ly  complete. 
Remarks: 
and from t h e i r  diffuse appearance, which might mask blending with a predicted CI recombination 
feature.  
p r o f i l e s  a r e  in te rpre ted  t o  contain the  maximum canceivable energy. 
of t h e  data, members of t h i s  multiplet  could be p a r t i a l l y  resolved: 
of these o b s e r v a t i a r  LS coupling described t h e  r e l a t i v e  l i n e  strengths w i t h  t h e  mult iplet .  
(4) This t r a n s i t i o n  was measured absolutely: 
t o  it. 
because r e l a t i v e l y  few filrps were eqosed  at these wavelengths. 

(1) The large tolerance assigned these  merged l i n e s  stems both from t h e i r  weakness 

(2) When l i n e s  a re  detectable, but have marginal signal-to-noise r a t i o s ,  t h e  grainy 
( 3 )  For a small percentage 
t o  within the  e r r o r  l imi t s  

all other C t r ans i t i ons  were measured r e l a t i v e  
( 5 )  A large tolerance attaches t o  these  r e s u l t s  20th because t h e  l i nes  a re  weak and 
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Table 2. TRANSITION PROBABILITIES FOR SiI+ 

Transi t ion Am 
Multiplet  (n, lower)(m. upper) - Jn-rm & 10 sec -' loglo gf Tolerance Remarks 

9 
(1) 4s 3P0 - 5p 3D 2-3 5797*9} .019 -1.935 *35% 1-2 5793.1 

4s 3P0 - 5p 3P 2-2 5708.4 10 
1-1 5690.5 7 

e140 -1.211 35 % (2 
2-1 5754.3 
1-0 5701.1 
1-2 5645.7 
0-1 5665.6 ' 

11 4s 3PO - 5p 3s 2-1 5684.5 -085 -1.910 35% 
1-1 5622.2 c .006 c -3.086 ---- 

11.05" 
40% 4s 3 ~ 0  - 6p 3~ 2-2 4792*3} .oil -2.644 

1-0 4792.2 

16 4s Po - 5p I D  1-2 5948.5 -098 -1.585 35 F 
17 4s lP0 - 5p s 1-0 5772.2 e175 -2.058 35 E ( 3 )  

1 

1 

(4) . lo8 - .529 40% ( 4 )  

405 ( 4 )  

21.10' 3D0 - 5f[24] gm I 26 
21.11' 
38.03* 4p 'P - 76 Do A A  = 6245 

21.12' 51' [ & I  gm 42 
21.13' 
21.14* 3p3 3D0 - 5f [141 = 6150 

z:3 3D0 - 5 f L h 1  } 
g3 'io 1 5 f '  [2%1} A~ } ( 4 )  .054 - .892 

TRANSITION PROBABILITIES FOR SIII' 

2 4 2s - 4 2PO 4-1% 6347.1 3.10 - ,097 *40$ ( 5  1 
4-4 6371.3 3.87 - e331 40% ( 5  

4 4 2Po - 5 2s 14-4 5978.9 5.27 - -247 30% 
40% 5957.6 3.56 - -413 30% 

} 3.8 .167 20% (6 5 4 2P0 - 4 2D I%-& 5056.0 
h-k 5056.3 
4 - h  5041.0 4.73 - e143 20% 

' A l l  members of given multiplets are measured. * 
Revised c l a s s i f i c a t i o n  from C. E. Moore, NRDS-NBS 2, Section g. 

Remarks: 

fea ture ;  A = 1 g A / (2L + 1 ) ( 2 S  + 1). ( 3 )  This t r a n s i t i o n  measured absolutely;  
other  SiI  J l i n e s  are measured r e l a t i v e  t o  it. ( b )  These several multiplets 
are merged i n t o  broad conspicuous features;  s ince differences i n  these energy leve ls  are 
not s i g n i f i c a n t  at T = 1.0 ev,  t he  A-value given is A,, f 1 (gA) / , gm defined 
above. 
accuracy of the i r  measurement 16 degraded t o  40% because they f a l l  near edge of film i n  
a region of vignet t ing.  (6 )  This t rms i t i cm measured absolutely;  other  SiII l ines  
are  measured r e l a t i v e  t o  It. 

(1) For merged members of the same mult iplet  take A - 1 gi Ai / 1 gi , 
( 2 )  Lines of t h i s  mult iplet  merge into a broad, prominent i i 

( 5 )  These l i n e s  a re  s t rong and i so la ted ,  but 
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Table 3. THAIJSITIOlJ PHOBABILITIES FOR P, 

t T r a n s i t  ion  
(n. lower) ( m .  upuer) 

4s 4, - 5p )'SO 

4s 4P - 5 r  4,0 

2 2 O  4s P - 5p P 
9 0  

4s 2P - 5p LI )  

4 O 3p4 hP - hf D 

2 O  3p4 4P - ) I f  D 

4s *P - 5p 2So  

.24 

.73 

.48 

.44 

.48 

.24 

1.61 

1.85 
2.92 

1.14 

5 1  

.37 

ef 

-2.438 
-1.949 

-2.129 
-1.990 

-1.945 

-1.761 

-1.561 

-1.482 
-1.103 

-1.137 

-2.030 

-2.408 

Tolerance 

* 45;: 

355 

357; 

352 

35 s 

30;; 

30% 

402 
302 

305 

30% 

40% 

t C l a s s i f i c a t i o n  from W. C. Martin, J. "p2. SOC. ha. 49, 1071 (1959). 
Remarks: 
t o  it. 
l i n e  belonginr; t o  R d i f f e r e n t  iiiultiplet. 
of t h e s e  l i n e  p a i r s  which w e  f e e l  i s  J u s t i f i e d  when one of t h e  mer;ed p a i r s  i s  a t  l e e s t  four 
times s t ronqer  than t h e  o ther  according t o  h i s  relative i n t e n s i t y  es t imates :  only t h e  
s t ronger  members o f  t h e  p a i r  a re  then reduced t o  A-values. (3) These PI l i n e s  Rre r e r c e d  
with PII l i n e s ,  bu t  reduct ion t o  A-values i s  poss ib le  f o r  source condi t ions where the  PII 
l i n e  i s  not  more than 1 / 4  t h e  s t rength  of t h e  PI l i n e .  (?he PII l i n e s  i n  question can be 
enhanced t o  10 C,imes t h e  br ig thness  of any observed PI l i n e ,  so  t h e i r  A-values nay be 
obtained b!. Goinr t o  higher  source temperatures. 
a r i s e  from low energy s t a t e s  while the PII A-values a r e  very l a r g e  but  a r i s e  fror h i r h  
enerey s t a t e s ,  
enhance e i t h e r  t h e  PI o r  PI 
but  approximate cor rec t ion  $or t h i s  in te r fe rence  is  made i n  an analogous fashion t o  thzt 
r iven i n  rennrk ( 3 ) .  

(1) This t r a n s i t i o n  neasured absolu te ly ;  o ther  PI t r a n s i t i o n s  measured r e l a t i v e  
( 2 )  Under shock tube conditions each of t h e s e  l i n e s  i s  merced with sone other  PI 

?he r e s u l t s  of I%RTITI v e r e  er.ployed in t h e  %?-lTvsis -J 

The PI A-values a r e  s m a l l  and trie nI l i n e s  

By s h i f t i n ?  source temperatures f3000'K one can e f f e c t i v e l y  suppress or  
spectrum.) ( 4 )  This l i n e  merged with t h e  l i n e  Neon I A5906.4, 



pII Table 11. TI?AXSITI!XI PROBAXLITIZS FO? 

! :u l t in le t  (n.  lower) (n ,  up3er) Jn-Jn A(:) 
Trans it i on 

5 11s 3P0 - 4p 3, 2-3 6043.1 
1-2 6024.1 
i-1 6087.8 

6% 11s 3P0 - 4p 31' 2-2 5425.9 
1-1 5306.9 
2-1 5499.7 
1-0 5b09.7 
0-1 5344.7 
1-2 531.6.1 

4.5 3P0 - 4p 3s 7% 

10 11s 'Po - lip ID 1-2 

2-1 
1-1 
0-1 

* 

3-2 
2-1 
1- 0 
1-1 

3 O  1 3  4p 3J: - 5s P 

1 5  4p 3, -ha 3F0 3-11 
3-3 

5253.5 

14943.4 
4969.6 
4354.3 
h327.0 

4602.1 
4658.3 

h n  

10 scc- 8 1  

.73 
30 
.24 

1.12 
.55 
31 

1.43 
.66 
.29 

l0Gl" zf 

.447 - .Ob3 - .395 

.393 - ,142 - ,374 - .202 - ,074 - -207 
.86 ,036 
.l9 - ,638 

< .02 < -1.686 

1.15 .375 

1.28 ,371 
68 - .I21 
.68 - ,601 
.36 - e403 
1.72 .692 
2.52 .759 

Yolcrmce . e. '~rbs 

(1) '35:' 
35% 
35,: 

* 
23 lip 3P - 5s 3P0 2-2 51150.7 85 .278 35:: ( 3 )  

1-1 5507.1 .53 - .I44 35,: - .I46 35:: - .344 355 
1-2 5378.1 .39 - e075 31x 
0-1 5483.6 e 7 0  .024 35% . 

1-1 5727.7 .28 - .377 45:; 

2-1 5533.3 .51 
1-0 5541.2 .98 

4p 3s - 5s 3P0 1-2 5588.2 .38 35,: ( 3 )  - .OS1 27* 

* 
F'easurement secured f o r  ~ l l  members of mul t ip le t .  

Remarks: 
observat ions were made a t  t h i s  wavelength. 
a l l  o ther  1'11 t r a n s i t i o n s  are measured r e l a t i v e  t o  it. 
l i n e s  a r e  r e l a t i v e l y  weak so t h a t  t h e  neasurer.ents s u f f e r  f r o c  low signal-to-noise r a t i o s .  

(1) Accuracy f o r  t h i s  mul t ip le t  i s  degraded ( t o  *355) becanse only t v o  
(2 )  This t r a n s i t i o n  w a s  rreasured absolu te ly ;  

(3 )  For these  m u l t i p l e t s  t h e  
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t 
Table 5. 'TRAlIS1TIO:I PROBAl3ILITIES FOR PERGCD S, !IULTIPLITTS 

" u l t i o l e t  

2 

4 

5 

fl 

10 

11 

12 

I 

Trans i t ion  ** 
(n. lower) (m, upper) x (i) 1O6sec-l 

h 5S0 - 5 5, 4695 .58 

4 3s0 - 5 3P 5278 .33 

4 3 ~ 0  - 6 3~ 4411 <.Ob 

4s 3s0 - 4p 3P 4154 .18 

4 5, - 5 5n0 6752 6.0 

11 5p - G 5n0 6409 c.18 

1,  5P - 7 5D0 5701 c.07 

4 5P - 8 5D0 5503 c.04 

e;f 

-1.541 

-1.906 

< -2.98 

-2.378 

,0108 

< -1.56 

< -2.07 

< -2.34 

16 
+ R a c e  of e l e c t r o n  d e n s i t i e s ;  5 < 11e<12 x 10 /cc . 
** 
Approximate wavelength of peak intensi ty .  

* 
= Z g A / ( 2 L  + 1 ) ( 2 S  + 1) Arm J J J For merged mul t ip le t s :  

" u l t i p l e t  r iven by Prer ichs  (1933). 

3emarks: (1) This mul t ip le t  measured absolutely; o ther  SI n u l t i p l e t s  neasured r e l n t i v e  
t o  it. ( 2 )  Several  l i n e s  of S are  superimposed on t h i s  m u l t i p l e t ,  t h e i r  in te r fe rence  
be inc  approximatePj conpensateiIror. (3) This i s  R s t rong ,  well-defined f e a t u r e ,  t h e  
accuracy o f  t h e  A-value beinp degraded ( t o  *35%) because only two observ8tions vere m d e .  
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I1 Table 6. TnNTSITIOlI PROBABILITIEE FOR S 

7* 

8 

9 
* 

* 
10 

11 

Ann - x ( 3  108scc-l 

5027.1 .30 
5142.3 .25 

5453.6 1.06 
51'32.7 .84 

5564.3 .23 
550?.6 .57 
5473.6 1.11 
5645.6 < .20 
5556.0 .28 

5032.4 .69 
4901.9 .29 
4942.4 .22 
5103.3 .44 
5009.5 473 

5428.6 SO 

4924.01 
h925.3 

lW10 e 

- .643 - ,703 

+ ,578 
+ ,348 - ,054 - .193 
+ ,016 - ,301 

< - ,418 - -587 

+ .196 - ,363 - ,793 - ,163 - ,260 
+ ,023 

431.3% 5606.1 
24-1+ 5659.9 
144 56611.7 
3&-% 5526.2 
2+2+ 5570.0 
1.%-14 5616.6 
131.2% 5536.7 
2)1-&? 5466.5 

1 4 0  
3d 'F - 4p D 

14 4s 2 P - 4p z" l&l& 5819.2 

.38 + .156 

.45 - ,063 
-52 - ,301 
.11 - ,395 
.lo - .553 
.11 - ,682 
.09 - ,605 
.02 -1.145 

.ll 0 ,651 40;' 

(Table Continued) 
* 
lleasuranent secured f o r  all menbers of m u l t i p l e t .  

(1) This t r a n s i t i o n  measured absolutely: nemarks: 
r e l a t i v e  t o  it. 
o f  mult iplet  ,414. 
5645.3 which merges w i t h  5645.6 of multiplet #6. 
tolerance because it w a s  determined only twice. 

other SII t r ans i t i ons  are  measured 

(4 )  This t r ans i t i on  is assigned a larce 

( 2 )  We on i t  A5640.3 from t h i s  multiplet  because of merzinc w i t h  i5639.9 
(3 )  Fron t h i s  multiplet  we omit not only 15633.9, as s t a t ed ,  but  ~ l s o  
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Table 6. TRANSITION PROBA3ILITICS FOP SII (Continued) 

ELrln Trans it i on J -J i l u l t i p l e t  (n. l o w e r ) ( n ,  upper)  n I? A ( i )  1O2sec-' 10'10 gf Tolerance i e r ? r k s  

1%-14 
$4 

1 4 4  

24-211 
lb14 

2 15 4s P - 4p 2r0 

3d 2 D - 4p' 2Do 

38* 4s '  2D - 4p' 2Fo 2'*% 

39 4s' 2D,4p' 2,; 24-24 

2 32 3d P - 4p' 2Do 

36 

lzj-24 

lW5 
&-14 

1wa 
40 4s ' '1) - 4p ' 2Fo 2$-1+ 

5014.0 .72 + ,036 
4917.1 .42 - ,516 

4431.0 < .10 < - .75 

4668.5 < .20 < - .41 
4648.1 < .30 < - .41 

5320.7 1.05 + .552 
5345.6 1.12 + ,459 

5212.6 -96  + .370 .- 

5201*0) 5201.3 76 + .091 

452 4.9 4524.6 1 I O o 4  + . io6 30;; 

43 4p 4D0 - 5s IrP %-2% 4463.5 . 74 + ,123 455 (5) 24-14 4483.4 .42 - e296 45;; 
1$4 4486.6 . 90 - ,265 45s 

2%2$ 4792.0 L 08 + .348 30$ 
4 0  4 

4 O 4 

2 

46 4p P - 5s F 

( 4 )  

( 4 ) 

24-& 4294.4 < L O  < + .345 ---- 49 4p P - 4d D 

61  4p 2Po - 5s P 4 4  5518.7 < a  6 c + .376 ---- 

* 
I4easurement secured f o r  all members of m u l t i p l e t .  

Remarks: 
measurable t o  b e t t e r  than f50 tolerance.  
r a t i o .  

( 4 )  Upper l i m i t  estimates are  e iven  f o r  l i n e s  which are d e t e c t a b l e  but  not  
( 5 )  Large t o l e r a n c e  due t o  poor s icnal- to-noise  


